The available data on secondary emission yields from electron bombarded polymers was reviewed to identify those features they have in common with metals and inorganic insulators. As in the case of the more widely studied materials it was found that when the yield 6 obtained at a bombarding electron energy EO, is divided by the maximum yield 6m, and plotted versus Eo/Eom, most of the data falls within a small range, i.e. on a "universal" curve. At high energies the yield is given by a simple power function 6 = KE-n with n = 0.725 for all the materials and K ranging from 1.55 for teflon to 0.68 for kapton if E is in KeV. The value of K is found to decrease as the complexity of the repeating unit in the polymer increases. This can be expressed quantitatively as K = 10.64 (N/M) -3.15 where N/M is the ratio of the number of valence electrons to the gram molecular weight of a monomeric unit.
Introduction
Data on secondary electron emission yields from electron bombarded polymers is required for modeling charge build-up on spacecraft. Information in the literature has been limited with respect to both the range of bombarding energies and materials studied. Ilere we show that secondary emission from polymers can be described using theoretical models developed for other classes of materialsl. Sufficient data is provided to reproduce emission results on eight common polymers. When supplemented with empirical results, it appears possible to extend the reported findings to bombarding energies and materials for which information is unavailable.
It is customary to distinguish between two components of the emission from electron bombarded materials:
"true" secondary electrons (energy less than 50 eV), and backscattered primaries. The usual notation is 6 for secondaries, n for backscattered primaries and o for the total emission (all based upon emission per incident primary electron). These quantities are related at any given bombarding energy by the expression a = 6 + n (1) 6 and n exhibit a different dependence upon the incident electron energy and therefore, are best treated separately. The maximum value of 6 and the energy at which it occurs is indicated by 6m and Eom respectively.
In this paper we first briefly review the available data on secondary emission yields from polymers. For metals at bombarding energies several times greater than that at which the maximum yield occurs, emission has been found to be proportional to the electron collision stopping power68. Over a limited energy range, such as that considered here (0.5 to 100 keV), the stopping power can be represented by a simple power function. In addition, according to Makhov9 the secondary electron yield for eighteen different materials shows a simple power dependence on bombarding electron energy. We will show that the semiempirical model of secondary emission also predicts a power function dependence on energy. All of the available data was examined to determine if this behavior extended to the polymers. This proved to be the case for the data examined all of which can be described by the expression 6 = kE;n We found that all of the Matskevich, Gair and Kazantsev results could be described using the same value of n in Eq. (2) . This value of n = 0.725 also provided a satisfactory fit to the electron stopping powers of the polymers. The value of K appears to be directly related to the complexity of the repeating unit in the polymer. In general the magnitude of K takes on its largest value for the simplest polymers (CH2)n and (CF2)n and is a minimum for the most complex (C22H1ON205)n, which is Kapton. In the process of attempting to express this relationship quantitatively we noted that AshleylO)12 had found that the electron stopping power for many polymers was a simple function of the ratio of the valence electrons (N) in a monomeric unit to its gram molecular weight (M). This holds for polymers containing just hydrogen, carbon, nitrogen, and oxygen with associated valence electrons taken as 1, 4, 5, and 6 respectively. We found that the K values in Table II plotted versus N/M follow a linear relationship as shown in Fig. 4 In the "constant-loss" form of the semiempirical theory described by Dekkerl it is assumed that the average rate of energy loss by the primary bombarding electrons is given by Eo/R(Eo) where R is their range.
It is further assumed that the electron range is given by a power law i.e. In add'tion the probability that a secondary electron created at a depth x will escape to the surface is taken as p(x) = B exp (-ax) (5) where B is a constant close to unity and a determines the "absorption" of secondaries. If e is the average energy required to produce a secondary electron inside the solid then the above assumptions lead to a value for the yield at a bombarding energy Eo given by 
gn(Z)
This means that with our knowledge of n, and K determined from Eq. (3) we can predict high energy emission values for a large class of polymers. It would appear that polyethylene represents the most efficient emitter within this class and Kapton is about the least efficient that can be expected.
We next examine the relationship between Sm and Eom. In the course of using an atomic model for and gn(Z) = (1-exp(-zn+l))/Zn (9) Zm represents the value for which gn(Z) reaches its maximum value.
A universal yield curve can be derived from Eq. (7) in the form 6/6m = gn(ZmEo/Eom)/gn(zm) ( In those cases where the total yield a is desired the backscatter n must be included. We found that for polymers containing H, C, N and 0 the energy dependence could be expressed by T) = 0.115 E-0-223 (14) with Eo in keV. 
10)
It can be seen from Eq. (10) that at high energies 6 is simply proportional to E-n which is consistent with experimental observations, i.e
